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ABSTRACT 
The data presented in this report were obtained during wind tunnel 

tests of a 0.0405 scale model of the -140A/B configuration of the Space 
Shuttle Vehicle Orbiter. These tests were conducted in the Rockwell 
International Low Speed Wind Tunnel (NAAL) during the period of August 
28, 1973 to August 31, 1973. NASA Space Shuttle test designation is 
OA69. 

The primary test objective was to obtain pressure loads data from 
the orbiter in the landing configuration in the presence of the ground 
for structural strength analysis. This was accomplished by locating as 
many as 30 static pressure bugs at various locations on external model 
Surfaces as each configuration was tested. A complete pressure loads 
Survey was generated for each configuration by combining data from al] 
bug locations, and this report describes those loads for the fuselage, 
wing, vertical tail, and landing gear doors. 

Aerodynamic force data was measured by a six component internal 


Strain gage balance. This data was recorded to correct model angles of 
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attack and sideslip for sting and balance deflections and to determine 
the aerodynamic effects of landing gear extension. 

All testing was conducted at a Mach number ot 0.165 and a Reynolds 
number of 1.2 x 10° per foot. Configurations tested included elevon 
deflections of 0°, -20°, and -40°, and rudder deflections of 0°, -7.5°, 
and -15°. The angle of attack range was -3° to +16° with the nodel center 
of rotation remaining at the same height above the ground plane through- 
out the test. All configurations were tested at angles of sideslip of 


O° and +10°. 
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CL vs. CDF, CLM; L/DF vs. ALPHA 


B) CY, CBL, CYN vs. ALPHA 
C) CP vs. X/LB 

D} CP vs. PHI 

E) CP vs. X/CW 

F) oP vs. X/CV 

G) CP vs. X/LG 
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General 
PLOT 
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speed of sound: m/sec, ft/sec 
CP pressure coefficient; (p, - pao)/u 
MACH Moch number; V/s 
pressure; N/m, pst 
Q( NSM ) dynamic pressure; 1/2ev", N/m‘, psf 
Q( PSF ) 
RN/L unit Reynolds number; per a, per ft 
velocity; m/sec, ft/sec 
ALPHA angle of attack, degrees 
BETA angle of sideslip, degrees 
PSI angle of yaw, degrees 
PRI engle of roll, degrees 
mess densi cy; ke/m3, slugs/ft3 
Reference & C.G. Definitions 
base srea; m, ft 
BREF wing span or reference span; m, ft 
center of gravity 
LREF reference length or wing mean 
aerodynamic chord; m, ft 
SREF wing area or reference srea; m, ft 
MRP moment reference point 
XMRP moment reference point or X axis 
YMRP moment reference poirt on Y axis 
ZARF moment reference point on Z axis 
base 
local 
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totel conditions 
free stream 


& 


” 


i as 


i Mg 


» 
a * hee -% % < 


Lit iene a adem “oad A AE ll IS RN, CE “RN helt tat ttt a 
eo ' eT ‘ - 
. 


A RE “ANOS a ty op al IE A wpa a glen! ESO eiaD ls Re Te 
t r yw ea , 4 = 


mn * 
ogee t 


oe rs 


#y 
I 
+ 
r 
‘ 
+ 
a 
: 
5 
a 
ta 
S 
é 


- = lewnury wm eer ot Pe a a a ne Aner aoe —< « «eres ee ee —_ _ 
— o- - 
- eae - ane 





< 

7 

és 

z 

NOMENCLATURE (Continue a) 3 
Body-"xi. Cystem : 


PLOT 
SYMBOL SYMBOL = DEFINIT™ON : 











CH CN normil-“oaree cecfrietient, BOM Ore i 
ae "5 
5 
f + * = * 7,> a? ‘ = ay . = Be aes Pore - 7 
Ch Ch axivl-rors OereLeiemnis: eae : 5 ai 
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b af 2 3 
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fs C CLM pitehin -suoment coefficient; pitching moment ‘ 
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r Ch CYN yuring-noment coefficient; Line mome ne , 
Pe ob 
i Cf CBL rolling-inoment coefficient: PL See norent 
: 3% 
. ouibility-Axis System ; 
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f L 71S 
3k z 
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NOMENCLATURE (Continued) 
Surface Deflections 


a 


Definition 


elevon surface deflection angle, positive 
defleclion, Lrailing edre down; derrees 


body flap surface deflection angle, positive 
Jjeflection, trailing edge down; degrees 


rudder surface deflection angle, positive 
deflection, trailing edge to the left; degrees 


ADDITIONS TO STANDARD NOMENCLATURE 


FOR TEST OAGY9 


Definition 


fuselage local coordinate, longitudinal distunce 
from the nose expressed as a fraction of body 


length F.S. = 235 
1296.3 


(F.S. = full seale fuselage station) 


X/LB = 


fuselage local coordinate, radial position angle 
measured from the bottom centerline in degrees, 
0° to 180° on both sides. 


wing local eoordinnte, spanwise distance from medel 
centerline expressed as on fraction of wing, semispan. 


wing Local coordinate, chordwise distance fram the 
local leading edre expressed as a traetion of Jocal 
chord. 


vertical tail local coordinate, vertical distance 
from W.L. 500 {full scale) expressed as a fraction 
of tre vertical tail height measured from W.T.. 500. 


vertical 1.ail Jocal coordinate, chordwise distance 


from the local leading edge expressed as a fraction 
of local chord. 
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NOMENCLATURE (Concluded) 


Definition 


Tandinis cear door ! .cal o Am dinave, distance from 
é 
the leuding edge expressed as a fraction of door 


Tength. 


landimy: ~ear door local coordinate, distance from 
fraction cf tne door 


=” rym *y 
a = 


the upper eage 
Width. 


balance chamber area, 1.2 


balanee chamber axial force coeffietent. 


weight tare axial force coefficient. 


uncorrected axial forere coefficient. 


model 


mode] vertical center of rotation, in. W.P. 
abuve ground plane, 


Wing trailing edge hei;ht 
= 9? 


fractici of wing span, at a 
base pressure, pia. 
balance chamber pressure. 


base 1, 24775, respectively, 


psia. 


pressure at stations 


longitudinal center of pressure, fraction of 


body Length. 
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longitudinal center of retation, in fus. sta. 
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"he model tested was an 0.0405 seale representation of the 
-L10 A/B configuration of the Rockwell [Internat tonal Space 
Shuttle Vehicle Orbiter. The model was constructed about an 
aluminum balance block with a 4.25 inch diameter balance 
cavity. The body mold lines, wings, and vertical tail attach 
directly to this biock, and all wodel components are con- 


structed of wood and/cr aluminun. 


a 


The basic mode! configuration is ef the blended wing-body 


design utilizing a double delta wing (75/45A ), tull span 


Lea Ps 
elevons (unswept hinceline), a centerline vertical tail with 
rudder and/or speedbrake capability, and side mounted manipu- 
lator arm housings. A canopy, body tlap, orbital maneuvering 


system, and landing gear attach to the ftuselave and complete 


the basic configuration. 


The following nomenclature designates the model components used 


during this test. 
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Description 
-L40A/B Baseline Fuselage 
-LIOA/B Baseline Canopy, Contivuration 3A 


Pull Span Split Elevon used on Wing 


iN », Confisuratien 4. 
l1o 


Pusebare Be Bodv Flap, Configuration 4 


Landing Gear 


Fuselage B,. Oms Pods, Configuration 3A 


Rudder used on Vertical Ves Configuration 
3A 

~140A/B Baseline Vertical Tail, 
Confivuration 5A 

-L40A/B Baseline Double Delta Wing, 


} 
So. -2000' Ce? 
i 


Transition Grit, .00S] In. Diameter 


.O077 In. Diameter on Wings 


on Nose, 


wnd Vertical Tail 
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TEST FACILITY DESCRIPTION 


North American Aerodynamics Laboratory (NAAL) 7.75 x 11-foot Wind 
Tunnel is a continuous flow, closed circuit, single return tunne? capable 
of speeds up to 200 miles per hour. 

The test section is vented to atmospheric pressure and is 7.75 x 1] 
feet wide and 1? feet long. Power is supplied by a 1250-horsepower na- 
celle-mounted synchronous motor driving a 19-foot, seven-blade, laminated 
birch propeller. Airspeed is controlled by using a magnetic clutch to 
vary the degree of coupling between the motor and propel!2r. Turbulence 
is minimized by a damping screen and a honeycomb section in the settling 
chamber upstream from the contraction cone (ratio 1.53 46:1). 

Tests may be conducted using a variety of mounting systems: single 
Strut, double strut, sting strut, reflection plane, cable suspension, or 
two-dimensional wall. Aerodynamic data may be measured by a planar type 
external balance system or sting-mounted internal balances. An Astrodata 
Automatic Data Acquisition System collects, multiplexes, digitizes, and 
records on magnetic tape 50 channels of force or pressure data or both. 
Data are then reduced and plotted using automatic data processing equip- 
ment and an automatic digital plotter. 

The NAAL Wind Tunnel has been operating since June 1943. Calibra- 


tions are available over a wide ranye of test conditions. 
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All model ftoree and pressure data was reduced to cocfficient 


form in both the bodv and stability axis svstems. Model 


aneles of attach and stdeslip were corrected for sting and 


balance deflections in addition to the standard tacility 


vorrections (wall interference, blochave effects, ete.) ap- 


plied as required, 


Axial foree (body axes) was corrected for model weight tare 


in addition to base pressure etfects. Corrections were made 


prior to the calculation of stability axis data. <Axiai force 


corrections were applied in the following manner: 


C = ¢ - ¢ C hy 
7 : i J é = ? 5 Pi 
\l \l VRC \b \T 
Where 
, }> : 
C 13 ¢ 0 at 
q ' S 
Yee | \ 
And 
ew \I 
; - wai fe » 0 ae y ) = ip + ) + + ’ , 
“AB q Pie: : B nee BL R2 oie | BS? 
And 
j ve Model Axial Force Weight Tare 


Center of pressure was computed in percent of body length as 
Indicated below: 


sf ‘ 2 a bad a! mM 
KCP/LB C.G. (In. Aft of Nose) - «=~ 
C 
N 
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DATA REDUCTION - Continued 
All model pressure measurements reeorded were reduced to coet- 
} 
; ficient form in the follewing manner: 
at i a ; eee 
C is Pe GS Te Pe Sinr arr 1 
Pj q 
-_ All aerodynamic data were reduced to coefficient foum using 
the following reference dimensions: 
Pull 
Symbo 1 DBE TLELON Scale 
Ay Aved at bases 11? Cai th oOMs 
(without OMS) 
Ape Area of balance cavity, ft? 
} XMRP Reference C.G., in. aft of nose Bu] uN? 
a, USS az. Coa TO768 47 
aM? Reference C.G.,, waiterplane HOO. OP 
CRIES Model @entor at ‘rehat Powe es. “has 
CRWE Model center of rotation, waterplane 
hy, Moment Peforeiee: Gorbitar tees CRA 
leneth, in. 
} Apea of wine, ft 4 ea. Oo 
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% TEST $ OA69, NAMI 711 DATE $61 ie. t 
| TABLE I. TEST CONDITIONS 
; REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE 
MACH NUMBER (per unit length) {pounds ‘sq. inch) (degrees Fahrenheit) 
= 40 Li, T? | 90 - :120°F 
‘ 
3 
‘ C if M 
COEF 
CAPACITY ACCURACY Sees 
f Xf 1500 LB. 29% : none 
A 750 LB. + 25% 
4 , 200 LB. eae ee 
4000 IN-LB. soon 
COMMENTS: 
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TABLE XII. MODEL DIMENSIONAL DATA 


MODEL COMPONENT: 


BODY - Brg _ 





GENERAL DESCRIPTION: Orbiter Fuselage Configuration 140 A/B 


NOTE: Bo, identical to Boy except underside of fuselage refaired to 
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Model Scale = .0405 


VL76-000193 
DRAWING NUMBER: 
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MODEL COMPONENT: 


GENERAL DESCRIPTION: 
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VL70-0001 40. 


Length (X =43.643 to 670) 
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TABLE III." (Continued) 


MODEL COMPONENT: _ TIEYCM - Egg 
TEEVON = B9g 


GENERAL DESCRIPTION: Confizuretion 4 
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NOTE: VL70-O0C 400) dzta fer (1) of (2) sides. Identical to E95 except 
rg a rn 


airfoil thickness 
rr nee are metre tg ee 

Model Scele = .0405 
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VL70-002:100 
DRAWING NUMBER: VL70-006140 8 
DIMENS TONS; FULL-SCALE (ODEL SCALE 
Area | 2.23.5E14 - 0.36673 
. Span (equivalent) | 368. 3h 14<91777 
Inb'd equivalent chord 119.623 4.84473 
Outb'd equivalen* chord 65.1922 2.23528 
Ratio movable surface chord/ | 
total surface chord 
At Inb'd equiv. chord | 0.2096 0.2996 
At Outb'd equiv. chord 0.4004 0.1,002 
Sweep Back Angles, degrecs 
+, Leading Edge | | 0.00 -* 0.00 
.'% Tailing Edge 7 Tl, 10,056 10.056 —_ 
| Hingeline 0.00 0.00 
Area Moment (Normal to hinge line) | 851.1502 | 0.05654 
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TABLE III. (Continued) 


MODEL COMPONENT: Body Flap - F 


GENERAL DESCRIPTION; Configvration 4 














Model Seale - .0405 
DRAWING NUMBER 


DIMENSION: 


Length in. 
Mox Width 1. 
Mox Depth in. 
Fineness Ratio © 
Area - ft? 

Mox Cross-Sectional 
Planform 
Wetted 


Base 
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MODEL COMPONENT: LANDING GEAR - G15 


Ae gf Pi a — ye aT lh rs ey ry Sr TES eS gl su si TY chen | et 


GENERAL DESCRIPTION: Main and nose landing gear, doors, and assemblies. Gear 
are in extended position, nose gear doors open 45°, main gear doors vertical. _ 
MODEL SCALE: 0.0405 ee cae 
DRAWING NUMBER: VL70-000140A o 
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DIMENSION: FULL SCALE MODEL SCALE 
NOSE GEAR | . ; 
Number of wheels 2 2 
Wheel axis: 
Fuselage station 374.74 15.177 
Waterline __ 221.51 8.971 
Wheet diameter, in. 32.00 1.296 
Wheel width, in: 
Each whee] 8.80 0.356 
Centerline-to-center] ine 22.0 _ 0.891 
Main strut diameter, in. aa 0.312 
Side door, both sides: 
Length, in. 105.93 ___ 4.290 
Width (follows body contour) 21.53 0.872 
Maximum thickness 7.01 0.284 
Fuselage station at centerof leading edge. 279.5 11.320 
MAIN GEAR 
Number of wheels 2 2 : 
Wheel axis: 
Fuselage station 1178.00 47.709 
Waterline 185.26 on be O08 
wheel diameter, in. 44.20 Pe. ae 
Whee] width, in: 
Each wheel 16.05 0.65 
Centerline-to-center] ine 36.00 1.458 
Main strut diameter, in. 9.26 | ~—- D..375 
Buttplane of main strut centerline 138.0 __ 5.589 
Side door: 
Length, in. segl OOO « x SE 2s. 
Width, in. 68.64 2.78 
Maximum thickness, in. 7,90 0.32 
Fuselage station at top of leading edge 1044.93 _ _ 42.320 
Centerline buttplane 176.27 Fel 39 
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TABLE III. (Continued) 
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MODEL COMPONENT: O'S PO) - Ma 


GENERAL DESCRIPTION: Corficuretion 3A 











Model Scale : ,.0405 
VL70-QO01LACA 
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DIMENSION: | . 





DRAWING NUMBER 
FULL SCALE | MODEL SCALE 


Length (OMS Fwd Ste Xj=1233.0) - In. 327.000 13.243550 


Mox Width (@ X9=2450.0) ~ IN. 94.5 3.82725 
Mox Depth (0 X9=1493.0) - IN. 209.000 4.4145 
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TABLE III. (Continued) 
MODEL COMPONENT: RUDDER - R5 


GENERAL DESCRIPTION: 2\, 3 and 3. Configuration per Rockwell Lines 


VL7O0-000095 


remit 





Model Scale = .0405 


DRAWING NUMBER: VL70-000095___ 
DIMENSIONS: FULL-SCALE “MODEL SCALE 
Area - FT@ 106.38 0.17449 
Span (equivalent) - IN. 201.0 8.14050 
Inb'd equivalent chord 1.58 _ 3.70919. 
Qutb'd equivalent chord 50.833 2.05874 
Ratio movable surface chord/ 
total surface chord 
At Inb'd equiv. chord 0.400 0.406 
At Outb'd equiv. chord 0.400 0.400 
Sweep Back Angles, degrees = 
Leading Edge 34.83 34.83 
Tailing Edge 26.25 26,25 
Hingeline 34.83 34,83 
Area Moment (Normal to hinge line)- FT? 526,13 __ 0.03495 
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TABLE III. (Continued) , 
MODEL COMPONENT: VERTICAL ~ Vo 





GENERAL DESCRIPTION:  “enfirnuration 34 
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where vertic:}] meets fuselsere. 
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VL70-OCOLACA 
DRAWING NUMBER: VIL7O-O001L GA 
DIMENSIONS : FULL-SCALE MODEL SCALE 
TOTAL DATA | 
Area (Theo) Ft? 413.253 0.67784 
Planform 
Span (Theo) In 15.720 12.78666 
Aspect Ratio 1.675 1.475 
Rate of Taper 0.59’ 0,507 








Taper Ratio O.403¢ Q,h0359 
Sweep Back Angles, degrees - 
Leading Euca 15.00 16.00 


: 











Trailing Edce 25 Oh) 25.04) 
0.25 Element Line 41.130 

Chords: 
Root (Theo) WP | 268.500 1087425 
Tip (Theo) WP 102.470 4.39303 
MAC | 159, &0756 2 
Fus. Sta. of .25 MAC 163.50 7 


He 


W. P. of .25 MAC 635.522 25.738bd 
B. Le of 25 MAC QO OO ON 
Airfoil Section 
Leading Wecce Angle Deg 10.00 10.00 
Trailing Wedge Angle Deg 14.920 1.055 
Leading Edge Radius (’tin) - IN. 2.09 
Void Area 13.17 
Blanketed Area 0,00 
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(ODEL COMPONENT: WING-Ny 16 
GENERAL DESCRIPTICN: Configuration 4 
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DIMENS TONS: 


TOTAL DATA ; 
Area (theo.) Ft" 
Planform 
Span (Theo In, 
Aspect Ratio 
Rate of Taper 
Taper Ratio 


Dihedral Angle, degrees(at \=1506.623,Y,= 


Incidence Angie, degrees 
Aerodynanic Twist, aogrees 
Sweep Back Angles, degrees 
Leading Cave 
Trailing Edge 
0.28 Elemenc Line 
Chords: 
Root (Theo) B.P.0.0, 
Tip, (Theo) B.?, 
bAC 
- Fus, Sta. of .25 MAC 
WLP, Of «25 HAC 
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EXPOSED DATA 2. ' 
Area (ingo) Ft 


Snan, (Theo) In, 6P108 
Aspect Ratio 
Taper Ratio 
Chords 
Root BPIOS 


MAC 
Fus, Sta, of .25 MAC 
WeP. of .25 MAC 


B.L. of .25 Ac 
Airfoil Section (Rockwell tlad NASA) 
XXXX=64 


Root b = 0.425 
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TABLE III. (Concluded) 


MODEL COMPONEN; : Transition Grit Xg 

GENERAL DESCRIPTION; -9077 In. nominal diameter grit located 0.1 in. 
Ie ie eal th och oR SD SR TOR ESE 

wide, 0.1 in. aft streamwise from leading edge on all swept  sur- 

faces and .0054 in. nominal diameter grit locate 0.1 in. wide, 1.0 


in. aft of nose 


DRAWING NUMBER: 


DIMENS iONS : FULL-SCALE MODFL SCALE 


Length 
Max. Width 
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Max. Cross*Sectional 
Planform 
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2 Table IV Pressure Bug Location 






Die NOw £4 
NOTES: 


se po [er (1) I.D. NO. REFERS TO PRESSURE BUG 
= CONFIGURATION (SEE TABLE II FOR 
235 | g {Fl RUN NUMBERS AND TES™ CONDITIONS) 


L 
2u5 | 0 | Fe (2) LOCATION iO. INDICATES COMPONENT 


ON WHICH A SPECIFIC BUG IS LOCATED: 
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i 1 265 295 F13 
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5 F17 | 
6 F18 
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% 7 | 
25 NI5 | 
25 5 | 
275 NI6 | 
75 Ngo | 
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NOTE: NO PRESSURES rECORDED 
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Table TV 
Pressure Bug Location 


I.D. NO. 5 I.D. NO. 6 
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